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—» High granularity calorimetry
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A Future Higgs/EW/top factories

A Requires unprecedented energy resolution for jet measurements
A A major calorimetry option: highly granular (imaging) + particle flow algorithms (PFA)

APFA calorimetry: various options explored in the CALICE collaboration
AOptions covered in this talk: silicon, scintilla®iPM, RPC
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CALICE silicanngsten ECAL option

SIW-ECALy silicon sensors+ CuW
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A Tungsten as absorber fomrmow showers: better separation capability
A Silicon as sensitive layers: allows pixelization required by high granularity

A Very compact design: thickness2sf cm for ~30 SiV layers in 24X0
A Leading to limited space foeadout boards andlectronics components
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SIWECAL prototype

PCB with electronics (upside
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H#HH A Tower of 15shortlayers(18x18cn¥)
A Longitudinal depth 21X

A 15,360 readout cells in total

A Overall size of 64804P246 mn?

A Commissioned in 2028022
ABeamtestsn November 2021 and during 202

A Mainly technical tests but also first real showers
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9 SiWECAbeamtestsand data analysis
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AReasonable agreement between data and MC: #hits, energy
AEnergy resolution in ballpark expected from simulation
AMore analysis work required (including combined analyses)
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R&D to address a critical iIssue: sensor delamination
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A Sensorconnectivity degradationinhomogeneous response
A Partially no response, esp. at wafer boundaries

A Visual inspection and electrical tests confirmed sensor delamination from the PCB
A glue dots have failed

A PCB deformation: possibly the major reason (ongoing studies)
A PGB:shape-contrad.g. heating, humidity control (drying out)

A Lowrviscosity-gluavith an extra curing step (at 88)A mechanical tests
A Alternative hybrid option: with doublsided tape (250um, perforated)

Tensile testg
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New developments in 2023

SKIROC testbench at L Test protocol developed by OMEC
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AASIC (SKIROC) tests
A 151/400 SKIROCS tested, with a satisfactory yield |
A Expected enough for 9 layers 18x54 cn? (TBD) o

- Local power regulation

— Pedestal

— MIP (4fC) TDC(SCAO0)

New FE boards

ANew frontend boards e i g )
. . . . R ASIC shielding/routing

A Improvements in power and signal distributions, ASIC sas =~

pre-version 2.0 tested, minor corrections neede

S h I e | d i n g an d ro u ti n g - Noise uniformity dram’atically improved (ex: outliers in thr. / 20 )

version 2.1 produced, ... in metrology

A Planttothuitcl 19ayer stack-basedromthese NeWOArd: - mr e s s
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Silicon sensarharacterisation

a! ww! € in CMSHGCAN project New CALICSIWECAL 4nch 256c¢ell probe card
spring loaded guard ring BNC connections multiplexer matrix
probe card PCB pins contact
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A Silicon sensocharacterisations
A Crucial in prototyping phase and for quality control in mass production (IVsEWeY Gp

A Bias all pads (by a probe card) and switch between pads (switch a matrix)
A Measurements with accuracy of o(100pA) and few pF for unirradiated samples

A New probeccatd adaptechto/CAEISBLECA s sensorlayout
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:::ue;:i’:e Heat Shield, ScECAL

Fastening . copper
system 7 P
(rails)

186.5

45mm (center dimple)
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90mm (dimples at both ends)
a
QQmm (dimples in the middle)
é_ u = ’_3 B T et
A SCWECAL: scintillator strips with SiPM readout + CuW absorber
A A costeffective option with plastic scintillator and less readout channels B&MECAL
A Effective transverse granularity of vl |
At FGGSNY NBO2IAYAUAZY AadaadzS oaFKAIAIN IKAAYIEEE O YE FR2NAGIK Y

A SCWECAL technological prototypgeveloped in 2012020

08.04.2024 Yong Liu (liuyong@ihep.ac.cn) 2024 uwopeeat Editionf o GERGC \Woskshaparsdarseille 9



- ScWECAL technological prototype

ScWECAL tech. prototyp & { dzEJE RIS NE ScintillatorSiPM readout schem
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ASCWECAL prototypeﬂeveloped in 201@020 ‘—
A Transverse area of ~22x20 cB2,longitudinalsampling layers scintilator stip__ ————— A 30 sampling layers
A 6,720channels;~350 kg SPIROC2E92 chips) siowm | |
A Beamtestcampaigns at CERN in 20223 a , 34 2sampling layers
90mm (in the rear part)

A Along with AHCAL prototype
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ScWECAlbeamtestsaat CERN

Oct 19 - Nov 2, 2022 May 17 - 31, 2023
@

SPS H8 beamline PS T9 beamline

Prototype assembly on sit ScWECAL fixed on platfor
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a 100GeV muon 60GeV elegctron

o Transportatlon =L IftiNg to beam ar

A Decent statistics akestbeamdata samples collected
A Muons: 10 GeV (PB), 108/160 GeV (H8), 120 GeV (H2)
A Electrons/positrons: 0.§ 5 GeV at PS; 10120 GeV at SPS
A Pions 1¢ 15 GeV at PS, 10120 GeV (also 150350 GeV) at SPS
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" ScCWECAL: SiPM calibrations with LED data
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ALED data for SiPM gain calibrations increased bias voltage (+0.5) of all

channels during beam tests to compensai

AOnboard LEDs: calibration data taken during beam teitaperature difference from CR test

A SiPM gain: single photon calibration done for each channe2926)
AComparisons made with previous letegm cosmieray data (20C)
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), SCWECAL data analysis: IC calibration

HG ADC versus and LG A Intercalibration Ratic
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Alntercalibration (IC) ratio of High Gain (HG) and Low Gain (LG)
ASPIROC2E chip has two gain modes to cover a large dynamic range
AHG ADC saturation position: dependent on channels and chips
A Also need to determine valid LG range (channel/shige calibrations)
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SCcWECAL data analysis: MIP calibration

Intercalibration RatloChlpIDvsChnID
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A Extracted MPV value from Landau distribution convoluted with Gaussia O
A Trigger threshold and SiPM bias voltage optimized R

A Muon tracking algorithm applied to improve fitting quality 45 5 .......... e e
A A small fraction of channels failed, due to insufficient statistics s AR S—
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" SCWECAL electron data: EM shower studies

4066\ o-_anergyDsp_simulation Longitudinal Shower Profil®iCvsData
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A Still discrepancy in MC/data: energy response, shower pro
AObserved contamination fromions

AOngoing efforts: simulation + digitisation, PID for better pur
Impacts of SIPM noises
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. ScintillatorSteel HCAL (AHCAL)

Analogues HCAL prototype X scintillator tile +SiPM,  steel
2023 JINST 18 P11018

A

Front-End ASICs

HCAL Base Unit (HBU)
(144 channels +
4 SPIROC ASICs)

absorber structure
(half-sector)

DAQ interface boards
DIF, CALIB, POWER
on Central Interface Board

HCAL ECAL Sector Connecting Plates (10cm)

Cabling  gjge-Module
Interface Board

Electronics height: 17mm max / 7 ?.\%?\“
=z © s " A AHCAL tech. prototype (208@17) A CEP@HCAL prototype (2013022)
T —_— \ _ﬁ/f .. A Transverse 72x72 éxB8layers (4.4) A Transverse 72x72 ¢ép0 layers
2, ‘ N Nt A 12,960 channels( T A tiles
G { hong At S¢  RIRRKEETEN R A 22,000 channels( oA tiles) ’ ( )
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CEP@HCAL prototype: CERdamtests

C';”Pe CEPC AHCAL Prototype CAui(ed
Oct 19 - Nov 2, 2022 May 17 - 31, 2023 @ "= e S
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ADecent statistics afestbeamdata samples: w/w&cWECAL prototypew -

A Muons: 10 GeV (PB), 108/160 GeV (H8), 120 GeV (H2)
A Electrons/positrons: 0.§ 5 GeV at PS; k0120 GeV at SPS
A Pions 1¢ 15 GeV at PS, 10120 GeV (also 150350 GeV) at SPS

A?Ov@ﬂlannetbeﬁ@"quo@ml{s (116 Gie)\l)waPP&aﬁ@SSPS

et
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2022 SPEHI8 beam purity: preliminary results

Almaging calorimeter: characteristics of hit patterns with/'Q / *
APositron beam: largely dominated by hadrons, barely no positrons >60 GeV
AHadron beam: a considerably large fraction of positrons (esp. with lower energy)

2022 SP&I8positronbeam data 2022 SP$I8hadronbeam data
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" PID studies with fractal dimension

= e

ASPSH2 beam purity >80% for electron and pion beams >30 GeV
A Significantly better beam purity at H2 than H8
ANoise events now become a dominating factor: ongoing studies
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, AHCAL performancpreliminary results

AAHCAL prototype (alone) using data sets after PID selections
A Energy linearity within p& b

A Energy resolutlom) @ IDT\/O( OQ)om c® ID(expected(pnID T\/O(OQ)w( GID)
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Ongoing studies to addressitical issues non-linearity effects and corrections (SiPMs, ASICs) yv&ldation
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CALICE SDHCAL option

GRPC: Glass Resistive Plate Chambers

___ Stainless-steel

Seml Dl@tw HCAL prototype X glass RPC, steel

Readout pads

Mylar layer (5
vier layer (50) PCB interconn ect (1cm: am)

structure
(absorbers)

Readout ASIC (1.6mm)

Cathode glass (1.1mm)
Myl; 175 i i
ylar (175p) Ceramic ball spacer (1.2mm) *+ resistive coating \\
Anode glass (0.7mm

Glass fiber frame (1.2mm) + resistive coating

Figure 1. A schematic cross-section of a SDHCAL active layer (not to scale).

PublishedJINST 10 (2015) P1003¢

CALICE SDHCAL prototype (since 2012)
A 48 longitudinal layers ¢- ¥, each layer ofx1 m?

A Transverse granularityxl cn?

Acdomu ' {L/ & oad)l ! wsbwh/ é¢X
A 3-threshold, ~440k readout channels

A Capable to run in powepulsing mode (Linear Colliders
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https://iopscience.iop.org/article/10.1088/1748-0221/11/04/P04001

SDHCAL performance

2100; JINST 12 ‘.20172 P0O5009 Energy reconstruction JINST 11 (2016) P04001
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A SDHCAL prototype tested several times with beams
during 2012; 2022 at CERN PS and SPS Particle identification | JINST 15 (2020) P10009

: : : B osfcudesonia || T & oofcaucesrear | e ]
A The threshold information helps to improve or £ .. = = .
energy reconstruction (multiple hits in one pa« .- - for (] taoron s

*#0.08

A Detailedbeamteststudies on hadronic showers = ...
A Energy reconstruction i ﬂ Jﬁ . e

0

A Particle identification: electron/muon/pion ¥55e 00T T or 0305 0s ¢ 02 0 02 0a 05 08

BDTy, response ) BDT, ;esponse

A Track segments: reconstruction by-Bdugh transform

08.04.2024 Yong Liu (liuyong@ihep.ac.cn) 2024 kuropeart &ditronf of CERGr\Woskshaopdrsdlarseille 22


http://jinst.sissa.it/jinst/common/archiveFile?filePath=/home/jinst/jinstArchive/archive/papers/preprint/JINST_012P_0216/6/2016_JINST_11_P04001.pdf&fileType=pdf

- T-SDHCAL: precision timing with SDHCAL

Timingis an important factor to identify delayed Timingcan help to separate clodey showers and reduce the confusion for a

neutrons andoetter reconstruct their energy better PFAapplication. Example: {20 GeV), K10 GeV) separated by 15 cm.
Distance from shower zis Distance from shower axis (w/o neutrons) — LK {eventNumber==14} I.J {evantMumber==1444time=6.7&4lIma<7. 7}
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Including time information in the simulation to separate hadronic showers
(10 GeV neutral from 30 GeV charged particles) using techniques similar to Arb
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